Fastening apparatus with indirect firing 



The invention relates to a fastening apparatus with 
indirect firing, by means of which a fastening element is 
driven into a support material under the action of 
propellent gases from an explosive charge via a piston 
mounted so that it can move in a barrel, between a firing 
position and a fastening position, and a plug guide in which 
a piston-braking, or -retaining ball mechanism is mounted, 
exerting a radial force on the piston. 



On firing, the piston was driven forward in the barrel, 
against the force from the ball mechanism, which is less 
that that of the explosive charge. 



Under the action of piston resetting means, especially 
elastic return means, combustion gases or a pawl for 
returning the piston, which means remain the piston when the 
apparatus is opened by driving the barrel forward, the 
piston moves back relatively in the barrel. 



When the apparatus is closed again, the barrel is displaced 
rearwards, driving the piston, which must always remain in 
its position relative to the barrel under the force from the 
braking balls. 



In conventional braking-ball mechanism, the balls exert a 
force on the piston by virtue of a spring having a constant 
radial force, such that the force retaining the balls that 
must be overcome when the piston moves back in the barrel is 
the same as that exerted by the balls on the piston during 
firings . 
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Apparatuses have already been proposed with a mechanism to 
alleviate this drawback, for example the one described in US 
Patent 4 941 391. In this apparatus, in contrast, during the 
relative rearward displacement of the piston, the balls no 
5 longer exert a radial force on the piston, so that this 
piston could not be perfectly reset in the firing position. 

Document DE 20100837 also discloses a further apparatus of 
the above mentioned type, in which the braking mechanism 

10 comprises f rusto-conical shells with wedge-blocking action, 
arranged for modulating the radial action of the balls, as a 
function of the relative displacement of the barrel and the 
piston, between a maximal force, when the piston moves 
forwards in the barrel, and a non-null minimal force, when 

15 the piston moves backwards. 

However, in this apparatus of the prior art, the braking 
effort of the blocking shells is modulated as a function of 
the sole displacement of the piston. Moreover, the braking 
20 shells are mounted against rubber elements which reduce 
their radial action. 

The present application provides a more efficient .mechanism 
for retaining the piston and of which the action is better 
25 metered out during the stroke of the piston. 

Thus, the invention relates to a fastening apparatus with 
indirect firing, by means of which a fastening element is 
driven into a support material under the action of 
30 propellent gases from an explosive charge via a piston 
mounted so that it can move in a barrel, between a firing 
position and a fastening position, and a plug guide in which 
a piston-braking ball mechanism is mounted, exerting a 
radial force on the piston and comprising means arranged to 
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modulate the radial force of the balls, depending on the 
relative displacement of the barrel and of the piston, 
between a maximal force when the piston moves forward in the 
barrel, and a non-null minimal force when the piston moves 
5 back, apparatus characterized by the fact that the balls are 
restrained radially by clamping lever arms for modulating 
the radial action of the balls, mounted so that they can 
pivot on the plug guide under the force of the balls rolling 
on the arms. 

10 

Preferably, the lever arms are also arranged in order to 
exert a rearward axial return force on the balls, should the 
latter move forward. 

15 Still preferably, the balls are arranged in order to roll on 
the arms between retaining fingers at the end of the arms, 
away from elbows for pivoting the lever arms and a radial 
abutment edge of the plug guide which lies between the 
pivoting elbows and the retaining fingers of the arms. 

20 

Advantageously, each lever arm is mounted so that it can 
pivot against the force from a resilient o-ring. 

Again advantageously, the radial thickness of each lever arm 
25 decreases rearwards. 

Thanks to the invention, when the piston moves forwards, the 
angle formed between the articulated levers increases and 
the braking effort increases with this angle, so that this 
30 effort depends not only on the displacement of the piston 
but also on the angle between the lever arms. 

When the piston is returned rearwards in the barrel under 
the action of the return means, the balls continue to exert 
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a force on the piston. When the apparatus is opened, there 
is no risk of the piston being driven with a relative 
displacement in the wrong direction. It is ensured that the 
piston remains held in position. The balls are balls for 
5 braking and holding it in position in the barrel. 
Furthermore, once the barrel is again set towards the back, 
if the piston moves forward again in the barrel, the balls 
move forward on the arms and, because of their shape, they 
are again propelled rearwards, driving the piston with them, 
10 which piston is in the proper firing position. 

The invention will be better understood with the help of the 
following description of the preferred embodiment of the 
apparatus of the invention, with reference to the appended 
15 drawing, in which: 

- Figure 1 shows a view in partial section of the preferred 
embodiment of the apparatus of the present invention; 
Figure 2 shows a sectional view of the piston-holding ball 
mechanism of the apparatus of Figure 1, when the piston is 

20 in the fastening position; 

- Figure 3 shows a sectional view, along the axis III-III' 
of Figure 1; and 

- Figure 4 shows an exploded view of the piston-holding ball 
mechanism of the apparatus of Figure 1. 

25 

The following description will be given with reference to a 
sealing apparatus in which the plug guide is fixed with 
respect to the • barrel. However, the applicant does not 
intend to be limited to this type of apparatus, it being 
30 possible for the invention to be applied to any type of 
apparatus using piston-braking balls, especially apparatuses 
in which the plug guide is connected to the barrel via a 
spring and is therefore moveable with respect to the barrel. 
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With reference to Figure 1, the fastening apparatus comprises 
a piston 2 mounted so that it can move in a barrel 3 and a 
plug guide 5, extending along an axis. 20. More specifically, 
the piston 2 comprises a piston head 2" and a piston rod 2'. 
5 The rod 2 1 can be moved in the plug guide 5 in which is 
provided a cylindrical bore 5' having an axis 20 and a 
diameter substantially equal to that of the piston rod 2 ? in 
order to direct it along the axis 20. The piston head 2" can 
be moved in the barrel 3 in which is provided a cylindrical 

10 bore 3 f having an axis 20 and a diameter substantially equal 
to that of the piston head 2" in order to direct it along 
the axis 20. The piston 2 can be moved between a firing 
position, in which the rear of the piston head is close to a 
surface 10' of the barrel perpendicular to the axis 20, 

15 depending on the power setting, so as to close off a 
combustion chamber 4, and a fastening position, in which the 
piston head 2" has moved forward in the barrel, into a 
position at most at the front stop on a rear surface 10 of a 
damper . 

20 

With reference to Figure 2, the hall 6 mechanism for 
holding the piston 2 in this case comprises two balls 6, 
two clamping lever arms 7 and a resilient o-ring 8, in 
this case made of metal. With reference to Figure 4, the 

25 o-ring 8 consists of a ring which is split in order to 
allow the mechanism to be mounted and to provide the 
required resilience. Each arm 7 lies along the axis 20, 
and comprises a pivoting elbow 72 between a heel 74, 
pressed into a recess of the plug guide 5, and a forearm 

30 75, which in this case is parallelepipedal , which is 
clamped between the plug guide 5 and the o-ring 8 . Each 
arm is extended to the rear of the forearm 75, by a rear 
arm 76 making an external shoulder 77 with the forearm 75, 
for accommodating the o-ring 8, and the internal surface 



73 of which flares rearwards. The rear arm 76 ends in a 
retaining finger 71 which is substantially perpendicular 
to the axis 20, intended to retain the ball 6 on the 
piston 2 . 

With reference to Figure 3, the arms 7 are mounted on each 
side of the piston 2, in opposition with respect to the axis 
20 of the piston 2. Each ball 6 is trapped between the 
piston 2 and an associated arm 7. 

Each internal arm surface 73 in contact with the ball 6 is 
in this case a portion of a cylinder inclined on the axis 20 
of the piston 2. In other words, the contact surface 73 
between each arm 7 and its associated ball 6 is trough- 
shaped. Moreover, it is the radial thickness of each rear 
arm 76 that decreases rearwards. 

With reference to Figures 2 and 4, each ball 6 is arranged 
in order to roll over its lever arm 7 between the retaining 
finger 71 at the end of the arm 7, away from the pivoting 
elbow 72, and a radial abutment edge 11 of the plug guide 5, 
lying between the pivoting elbow 72 and the retaining finger 
71 of the arm 7. Each arm 7 is mounted so that it can pivot 
against the force from the o-ring 8 and under the force from 
the associated ball 6 moving forward. 

The action of the ball 6 mechanism for braking and holding 
the piston 2 during various phases of using the fastening 
apparatus will now be described. 

The piston 2 is initially in the firing position, therefore 
to the rear in the barrel 5, stopped on the surface 10 1 and 
completely closing off the combustion chamber 4. The 
fastening apparatus is pressed on the support into which it 
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is desired to insert a plug and, for safety reasons, firing 
is only possible once this pressing has been carried out. 
The force on the trigger causes the explosion of the 
propellent charge and the expansion of the propellent gases 
5 in the combustion chamber 4. 

The piston 2 is propelled forward in the barrel 3 against 
the force of the balls 6. When the piston 2 moves forward, 
the balls 6 roll by friction over the piston 2 which drives 

10 them forward and the articulated arms 7 pivot on the plug- 
guide 5 to move apart from one another in the region of 
their fingers 71. The radial force exerted by the arms 7 on 
the balls 6 and therefore by the balls 6 on the piston 2, 
due to the increase of the angle formed between the arms 7, 

15 increases when the balls 6 move forwards over the arms 7, 
and therefore during passage from the firing position of the 
piston 2 to its fastening position. However, because of the 
large force provided by the propellent gases, the piston can 
move forwards against the force from the braking balls 6. 

20 The balls 6 then stop on the stop surface 11 of the plug 
guide, as can be seen in Figure 2. Due to the opening of the 
arms 7, the braking effort is better metered out and is 
exerted when it is needed, along the stroke of the piston. 

25 Since the piston 2 is in the fastening position, the 
apparatus is opened in order to drive the barrel 3 forward, 
so as to access the combustion chamber and to replace an 
explosive charge therein. This being done, the piston 2, 
under the force of return or resetting means, well known to 

30 a person skilled in the art and therefore neither shown in 
the drawing nor described here, moves back relative to the 
barrel 3. The balls 6 quickly come to a stop on the 
retaining fingers 71 of the arms 7; the force exerted by the 
balls 6 on the piston 2 is thus weak but not zero. It is 



therefore possible to drive the barrel 3 forwards without 
too much effort, while preventing the piston 2 from being 
driven with a relative displacement in the wrong direction. 

5 The apparatus is then closed, that is to say that the barrel 
3 is driven rearwards. Under the force of the balls 6 for 
holding the piston 2, the piston is driven with the barrel 
3. 

10 The piston 2 and the barrel 3 are then in the firing 
position. However, a forward movement of the piston 2 
relative to the barrel can still be envisaged, for example 
via rebound. However, a forward movement of the piston 2 
relative to the barrel 3 causes the balls 6 to move 

15 forward on the arm 7. Because of the engagement of the 
resilient o-ring 8 and of the arms 7, together with the 
flaring of the arms 7, this moving forward of the balls 6 
immediately causes pressure, on the arms 7 which propel 
the balls 6 rearwards, by resilience, towards the 

20 retaining fingers 71, the latter driving, when reset, the 
piston 2 which is then in the proper position. Thus moving 
the piston 2 forward causes an axial return force, from 
the arms 7 in cooperation with the piston 2, which propels 
the balls 6 rearwards and the piston with them. The piston 

25 is therefore finally properly held in the firing position. 



